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1 . Held of the Inv enlion 

jOOOI j This inventi' mi relates to an iron powder h w cm : p MwncnUt! remedial!' m having 

superior l apahi lit\ to dehalogenate haiogenated hydrocarbons I he :n\ enpon also relates to 
a method tor remediating at least one of soil, water and gas contaminated with haiogenated 
hvdrocarbons by using the aforementioned iron powder. 
2 Description of the Related Art 

[ 0002 ) Recently, haiogenated hydrocarbons, such as tnchloroetln lene iTCTl). have 

been used in quantity as decreasing solvents m semiconductor lactones. metal-processing 
lactones and the like. Alter use. the haiogenated hydrocarbons have been con\ entioruiliy 
discharged or dumped into water, on or into the ground, etc. Hence, contamination ot soil 
and groundwater due to those" materials has become a Mgmlicant social issue 
|000 ; j The following conventional methods are loi treating such pollution. 

|()004] Methods for treating polluted groundwater, soil gas and the like such as vapor 

extraction methods and pump and treat methods, m which the groundwater is drawn from the 
s n! and treated \ • be rendered harmless are known. Activated carbons and dcstractmg 
agents are u^ed to eliminate and/or dest met the contaminant s m those treatments. 
1000 s - In the methods tor treating the polluted soil, thermal desorpti. »n methods and 

thermal destruction methods, m whiJi tlie polluted son is excavated and heat treated and. 
therefore, rendered harmless, are known. 

jOOOh] further, bi > remedial ion method n none micr -*vs ha\ e ; vcr. u^ed t •• lender the 

p \! itaut n n tie no.; >i cj nmdwater harmless n\ ,i;u\ t deorml: i n 



. ; 1 00 ■ , i I' »v.e\ cr. in the '■■,;]^ri , .\irj,;:^!. im i m >d i he pamp and : method- and lie 

kkc. iaciiitics mmi be separate!) pro\ ided at the ^Ue n> reader the pollutants hunr.ijNs alter fne 
aloremcntioned draw iiac or pumpim:. There tore, the treatment com is ine reaped. 
[ (){)() N ] In ti:e methods in which the excavated soil is thcrmailv desirucied at Inch 

5 temperatures and the like, a laree- sealc facility is repaired for the heal treatment i>f the ^'b 
furthermore, since sob particles themselves deteriorate due to heat, arid kmctions ob for 
example, arowim: living oraamsms. which are inherent m the soii, arc oab.Mji a iallv degraded, 
it is difficult to reuse the sod alter the treatment. 

[0009] The bioremediation method cannot be applied to all soil because the soil at 

U) each site has different characteristics. bven when it is applied, reactions proceeii sknvlv 

since they rely on the function of microbes, and the method requires a hmc treatment tune and. 
therefore, has poor usefulness in practice. 

[0010) As a method which mieJit overcome the aforementioned problems oi 

conventional measures against the pollutions. \ arious methods, in which haloacuated 

l c h> drocarbons as p; mutants are contacted with iron functioning: as a reducing: acent to render 
them harmless by liehalo^enation. ha\e been suaeested and have attracted attention. 
10011] for example. Japanese Unexamined Patent Application Publication ffokuhvo) 

No. 5 ^0 1 520 iWCb i.'ON 1 " v. docribcN tl method in which a channel m dm: m a !h wv pain of 
croundw ater and filled w uh iron in the form of particles, siices. fibers, or the like. 

o> Subsequently, the iron is contacted w uh the haloccnatcd bo droc a r'm mis which cause pollution 
ot the nionudw ater to dchalocvnaic and lender the h aloe, cm: led h \ dn varb *n> harmless. I'm* 
iron used :u that pnves< ; o lol necessarily specifically prepared and. therefore, generates 
w as: e d u rum I lie steps oi ciiiir,;: mcml- ■ 1 »\\ pur U\ ; u -u p, w dels •-uc'u as : : \\ ;> m, dcr- arc 
aenenCcd Turam inc sieps o; east ; m: a o n auU the like. 

, oo 1 ^ ; A me' hod a m ; 1 j : ; o ; 1 ;c ,d • ■ : en . ci a ; a .cd me fa . s : . a : v- ha h : a>l n: en at ed 
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hxdrocarhor.s corammed in the em >am.l v. a* pollutant .ic rendered hmmlcs, -y imne m , U; ; 
mm mixed wiih acibaicd carbon. > de^rmed :n Japanese L nexamincd l',;^;! Applicati m 
Publication i lokahyoj No. o-50'm. ; I » \Y( ) l >2 ' 1 ^ rm L 

1 (K)1 - ; 1 Japanese rncxammed Patent Application Pahlicat a >n ■ dokukai! No. 1 1- 

lo-o"/'/ discloses a niclmU m wirlch chl maimed or^mi. c i.n:pom;J < eontaiued in the s >;1 
abo\e the 'level ot' around water o;- the cxcioated soil is contacted with an in mi powder and 
rendered harmic- by deeh a wina! i m. The aou p.wder lived itl this method must haxc a (' 
content ed ().!< ; or mere and a specific -arla.e area ofO.05 im'/V or nunc. banner, this won 
powder inusl have such a particle si/c that 5»T ; by wemh; or more of the iron powder pa^cs 
10 thioimh sieve openings ol loOpum A spomey iron, , > rc - reduced men powder lias been 
recommended lor such an iron powder. 

I ()()14 i International Patent Publication WO V>7/()-4SfjS describes a method in which a 

mixed metal produced by precipitating at ieeot one melai selected inem the -roup consi<ti;u: of 
(hi. Co. Ni. Mo. Hi. Sm Pb. Va. Cr. Pd. Pi end -Vu on. ;e. ire; pewder is e^.eia.ied with an 

'm aqueous emnpoximen polluted with haloecnatcd hydroeeubon s. and the inuoecmaed 

hydrocarbons are dchaioeenated and. ihereibie. thc aqueous composition is remedied. 

H ^' h the aforementioned methods, in which, haloeeuatcd hvJr.viiiKve as 
po hut an Is ure con taxied wuh iron lahc in a: aw o ;< iedu;uoe aeent and rendered h mmlc^ o\ 
dehaio-ciiahon. has a coi advantage and. iiioeilee is superior to co:o enlional measure- 

2>i aeeiu-t ihe polluted sod and th.e peilmcd a r -and w ater. 

l^ddKb I hew ex er. tb.e iron used in ihe e iercmcnl amcd methods „ u> r ,U be optmei/cd 

l^r ihe aforementioned purposes and mes and. therefore, there has been a problem m that 
hahmenalcd hod: arb m< cannot r:we\ * he he-:: w 



P..:ee: Publication 

Vft ) 'y • ihens js ;;. leaded to inae 



> :, 1V | Or ;he iher hie. h die meihod hwei w\i :u IiUcrimm va 



hwiroearhoro. b\ increasing the reducir.i: lu 1 1 ^i; ot the 1 r m j powder through precipitation ot 
metals, such ,in on the surtace ot the iron powder and, therefore, the etleet due to the 
addition of the metal is surely exhibited. 

[001 S] However, a pan ot the metals used m the alorcmentioned method, lor example, 

tin, is harmtui in itsclt. Furthermore, smee man\ ot the used metals are expensne. especial!) 
ii.. <1 \ ivienum. platinum. c>\d and the like, are \cr\ e\pei>r»e. aioii'.cr tost piohlem ma\ 
oe ear. 



()H.?I ( ISO! III! INVIMION 

;(*()! () | Accordingly, it is an object ot die m\ enti^n to pro\ ule an iron powder lor 

environmental remediation, wherein the speed of dehalo^cnalion of halo^enated hydrocarbons 
is increased, and the problem of secondary pollution due to metaK contained in the ir-n 
powder and the problem of the cost are overcome 

[oor.O] hun'nermoie. it is another object d the m\eu!; s n lopro\idc a method lor 

ompo. sjK'edil>. and inexpensively rcmediatme al leas! »n.e so;;, wale:. ,is 
groundwater, and cas polluted with halo^enated h\ droca T bons by umul: the aforementioned 
iron powder without the tear ot secondary pollution.. 



si MV an O! ! HI |N\ ! N ! ION 

0O2 I 1 -\v c udiT;c to an t ot the ;t;\ c;a:ou. mere o p : ■ \ ided an t-m, powder !-t 

remediation to dchalo jenale iialoeenated h.;. d-*- or h >r;s , ..: m.ed within contaminated media, 
wherein an moronic compound ha \ m^ an elect nc resist:\ ;ty ot about 1 \ 10 *<2 m oi less is 
1'ieseiil e\>t - 'i: the surlace d ti e iron powder . 
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aforementioned inorganic compound preferably contams at leaM imic element selected from 
the iiroup consisting of Ca. Ti. \ , and ( Y 

[002.*] The aforementioned inorganic compound is preferably at least one selected 

from the i:roup consisting of nitrides, oxides, sulfides, and carbides. 

1 002-1 1 Accord) iii: to another aspect oi the invention, there is provided a method for 

i em ed i at in e media such ;h at least one ol soil, water, and eas which mciudes a step ol 
contacting an iron powder with haloeenated hydrocarbons contained in at least one of the 
media, soil, water, and eas to remediate the media polluted with the halo^enated hydrocarbons 
by dehalo^enatine. the haloecnated hydrocarbons, wherein an inorganic compound haying an 
electric resistivity o| about 1 \ 10"U in .»r less is present on the surlace ol the aforementioned 
iron powder. 

[002 s ] In the method for remediate at least one ol the soil, water, and i:as according to 

the invention, the inorganic compound [^re sent on the surface of the aforementioned iron 

p »wder pre I e ran! \ c ■ Mil air: s at least one clement selected trom the eroap consisting of ('a. hi. 

V. M\,\ y '} 

(002(^] The aforementioned inorganic compound is preferably at least one selected 

from the eroup consisting of nilndes. oxides, sulfides, and carbides. 

|iKJ2"'! According to ihe iron powder oi the invention, the speed oi dehuioe.c:ution ol 

iiaiorenated h\dn\aihoio ;s increased, and li'.ere 'o no tear o] ihe problem ol >i\ai;Tin 
p mat: m; .Lie to metal - , -M:{a:i;ed :n the :i m; powder I he :: mi powdei ■ d the u.\ ention ^ at. 
be :ne\pei.M\el\ pi \l;.ued. i anhcrim m e. the u mi powdei »1 th.e invention ear. he applied to 
conventional melhiods. m whkh iron powders are used, to render the polluted soil, groundwater 
and the like, c M.tamme ha; wmatcd "n\ d: va: hot> harmless, w ; i h «m an,\ tunhe: treatment 




m:s( uin io\ 01 1 in v\u \ \ rrs d i mbodimi \ i s 

|()()2S] An iron powder tor remediation according to the invention will now be 

described below in detail. 
* [OOcN] Rce.ardmt: the lion powder lor remediation according to the m\ention. an 

electrically conductive inorganic compound :s present i mi tin- Mirtacc of the raw iron powder 
More specifically, an inorganic compound having an electric resistivity p of about 1 x lO^il in 
or less is present on the surface of the raw iron powder. 

[0030] The electric resistivity p of the inorganic compound present on the vurface of 

lo tiie iron powder is about I x 1 0 il m or less, preterably. about tJ x 1 0 il in or less, more 
preferably, about 1 x 10 \l m or less, and further preferably, about l > x m or less. 

[0031 1 When such an electrically conductive inorganic compound is present on the 

surface of the iron powder, a local cell is formed between the base iron and the inorganic 
compound, and the reducing action oj the lion powder is increased Spec ; hcailv . it is 
heiicv ed th.at the capability to imparl an ca.\ in mi l> > ihc ha!- »;:enaled hv dr« >c a; bon is increased 
and. as a result, dehalocenation of the halo^enated hydrocarbon is accelerated. 
[0032] In the iron powder according to the invention, in order to exhibit a reducing 

lunctior. suir.ciem lor acceieralmr the dehaloacnation ol the hal\L:enated hvdrocarhons due to 
the toimati'Mi o, t ho ouii cei' at the enlace pan i»l the mm powuer. the inorganic compound 
." > o preferably previa or. :he surface the ii m p w\der in an appropriate ^ *\ ermc rate In the 
mm powder according to the invention, u^ua'.iy. about 1 ' < to a Pout lJl,, 'J bv area ot the surtaco 
oi the iron powder :s coveted wall die inorganic compound, liie inorganic compound 
eov erine rate ;s preterablv lS h. nut ^ f '< t * about u 0' ; bv a.ea. and m mo puMc r oK\ . > ab nil ! ■ 1 
' ■ a'^ nil - bv area I't.e m nee ;e c nnp 1 .an d.-; ci o\ o'y . \e: n ; \ :0 i; the 
.,;::.u e ■: u n p w.iei par*:, ic- 



[00. v ; ] The inorganic compound present on the surface of the iron powder according 

I o the invention is not specifically limited as long as it is an eleetneally conducts e inorganic 
compound having the electric resistivity p ol about 1 \ 10 "' 12 m or less. Such an electncallv 
conductive compound can be selected from compounds containing an element, lor example. 
( 'a. Ah Ti. Mn, V. Cr. and Ni. 

jDO ; -» i Among these metal clement v (a. II. \ . and ( 'i are iikelv to produce inorganic 

compounds having the electric resistivity p of about 1 \ 10" il m oi less, and the compounds 
are generally harmless. There I ore. the inorganic compound present on the surface ot the iron 
powder according to the invention prelerabiv contains at least one element selected from the 
group consisting ot ( a. II, V. and C'r. More prelerabiv. the eiemeni contained m the 
aforementioned inorganic compound is substantially at least one selected from the group 
consisting of Ca. Ti, \ T . and Cr. 

[00. r:\amples of the atoms (or atomic croups) capable oi providing the electrically 

conductive inorganic compounds include, lor example, tluorme. nitrogen, oxygen, sulfur, and 

carbon Therefore, as the electncaiiv conductive morgamc .onponr.ds. ! e„r »t 'lA^. nitrides. 

oxides, sulfides, and carbides and composite compounds thereof are preferred, 

>00mo The inorganic compound used in the invention preferably contains, among 

these, r 1 .:: rides. Aides, sulfides, or carbide s bee aas; these are hkciv to procku e :r.or game 

c- mi, p our ids hav.rig an electric resists ;tv ot about i \ ] o <2 m x i less More piclcrahiv .the 

aloi emeiUioued moiganic compound is a nitride. o\ide. s-j :f\te. v arbule. or compose 

c -il .p wv.A t'nereot 

p')0 ; * j In the won powdei tor dchaiogenatmg the haiogenated in drv a toons according 

io the :nveniion. it is preferred dial t'ne inorganic compound present on the > ;:tace ! die :r m: 
p 'wdcr "s an m Mgar.ic v. Mnpoutal c mlair.mg at :e.i *t me element selected t: :i;e r nip 
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compound thereof. 

[OO.^S] Amoni: the aforementioned preferable inorganic compounds, in particular, a 

nitride, oxide, sulfide, or carbide ol Ti is pre! erred because it is especially likel\ to produce 

inorganic compounds having an electric resistn Uy ol about 1 \ 10 * 12 in or less. 

[00 u >] Specific examples ol the aforementioned inorganic compounds include, for 

example. ( at iO, ;p \ 10' 12 us 1 > •■ p ; x 10'" 12 nil. 1 ',-<). <p ^ x 10 ' 12 m). I'i .( ). 

<p= 1 x IO" £2 ni). Ti.N to= :.17 x !0 il nu. TiS ip- 4 x 10' 12 in). TiC ip= 2 x 10'" 12 m >. 

\ ( ) :p : x Hi 12 m). \ (>. ip= 1 \ 10 ' il m ». and Cr< ) p- ; \ 10' 12 m >. 

[00401 Plural kinds of' inorganic compounds ma> he present on the surlace o| the iron 

ponder. Prelerahie plural kinds of inorganic compoui:ds will now be described below taking 

the aloreinentioned preferable inorganic compounds as examples. 

[004 1 ] For example, different inorganic compounds containing different elements, 

such as Ti and V. mav be present m combination with the same atom or atomic group, 
furthermore, dittereut inorganic compounds containing different atoms or atomic groups 
co!;st:tLitm L : each ol the moreamc , ompoandv such as a mtrdc ana oxide. ma\ he present in 
combination with one metal element. Different inorganic compounds containing different 
elements, such as T' and. V. and different atoms or atomic groups constituting each ot the 
moream : c^mp. imds. saJi as a mimic and oxide. ma\ be present. H»>we\ei. tne inorganic 
compounds eitecti\e !oi the :n\entioi; ha\e an electric iesisti\:i\ ol about 1 \ lo ' 12 m v 
! e s s 

; 00-:i ' The par.ule diamctci and shape ot 'the :i m pow der f n icmedmm -u a, , ordmg 

to the im.enlion are not specific all\ limited, and can be appropriate!) chosen with ieleience to 
the iron. p-w\dcrs no,l :n the con\ ct:t mr.ai methods. !■ u example, live particle diameter car. 
•v; ^ppr mnatcb J, ^cn depemimg • >n the st.ite ol me media ■ m r. as so;], w.aei •! gas r * he 
remedied 



[004 M For a specific example. when applied l.i eercra! ^ (he aforementioned iron 

powder preferably has a particle diameter distribution such that about h() r i by mass ,>r more ot 
the iron powder passes through a I Od (jm sie\e. When applied to the groundwater and a 
specified permeability must be achie\ed, the ah uementi oned iron pow der preferably lias a 
particle diamctei distribution such, that about ^0'; h\ ii;^^ m m ue ol the iron powder does 
rmt pass ihr. •Ui.'h a 2^0 urn s:c\ e 

[0044] h'.xamples ol the raw iron powders used as a material lor the production of the 

iron powder tor remediation according to the no cntn m ma\ m^ aide, lor example, those 
produced h\ the lollov, me methods. 

ht l()04>| A prelerable method is one m wlndi mill scales or iron orc> are tirst subjected 

to reduction with coke, the resulting reduced iron powder is pulverized, and the panicle 
diameter adjusted. Thereafter, finish reduction is performed m a stream of hydrogen for 
adjusting the purity ai a predetermined \alue to produce th.e raw mm powder. A methiod. in 
which an ir mi powder produced by a water .itomi/ation pn\^> is subjected to the finish 

: v iediut'.oi; ;i: ; r r.iM i ot \\\ d r> <ccn. :s also preterm! Ir. addition io these, iron powders 

produced by an oxide reduction process, water atomi/ation process, carbonyl process and the 
like can be used after the purities are adjusted as described below. Furthermore, those 
produced in'in siarliuc materials, mup, Jo a powdei ol iron s^iap. and the punt\ thereof heme 
adjusted at a p: edetei m : tied \alue a> described be'.ow b\ a metliod. toi example. piAlme and 

; ■> :eduU of; u; a a. re am • >: hodioecm m o be used \s li.c raw mm powdei :;. the m\ eiilnm. 
, Miuneu :a'.'.\ a\ ailab'.e puie uon p. >w deis toi powdei metal!, new ma\ a". so 'nc umd. 
i004nj I'lie contents ol the pnman impurities otiiei tiian uon. spcciticaib . ( Si. Mm 

i\ v and ( i. con! allied m the raw iron powder are not specific a! a '.united, althmnm thc\ arc 
u -cm I w ( ' o ): i "s ; ; . i u ; ■ ; K mass. S; o in n ; n> o mi , m mass. \ln : • , \ > 
! ■•! i : n\ i!„,s. . p 1 1 •. ?-o , ; , * i us ; r,\ mass, s, a . ;o> .; m '-:e. but less • : *. » i : . 0 0- ; h\ 
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mass, an J (): n.l)i)5 r ; to ()>>n r ; by n:a^. Other snc\ :tub!c impurities, about the unburn 
found in commercial pure iron powder. may also he contained. However, these components 
are not necessarily limited within the aforementioned ran^e. 

[0047] The method tor making the inorganic compound having an electric resistivity 

■ T about 1 \ 1 (T U m or less present on the surlace o| the m »n powder is not specdical!} 
iiimted as Mm; as (he inorganic compound is present oi. ii;e surlace ot the iron powder with 
the aforementioned preferable covenim rate. 

jOO^N; l or example, there 1 1 - a method m which a powder ol t m moreamc compound oi 

a nitride, oxide, carbide, or the like of Ca, Al. Ti. Mn. Y. CT. Ni. or the like and an iron 
powder 1 s mixed, and the resuitnm mixture is heated topro\idc the inorganic compound 
present on the surface ot the iron powder. There is ah>> a method in which an iron powder is 
immersed in a solution containing: a soluble inorganic compound salt such as a eliminate and. 
subsequently, the iron powder is heated and. theretore, provides the inorganic compound 
present on the surface ot :he iron powder. lurlhermore, -other ^ am pies include a met hod in 
which an morL\ui\ compound is present on th.e Mirfa* e ot me :r >n powder h\ hcalu.e. and 
melting, and a method in which an inorganic compound m a state of powder or solution is 
adsorbed on the enlace of a porous iron powder Another possible method is to include excess 
aim-unl -t clement > that couM itute the inoi Lutim ^ ■ Mupoaial m li:e iron powder', and cause the 
precipitation oithe compound m the iron powder particles p\. ru "xanune. he.it treatment so 
as to make some ot the , ompound be precipitated or exposed . th.e virl.kC ot t'ne panicles 
o)i)-;^; Amone these methods, reeanime t'r.e methods uiclu line the *tep ot hcamnn t'r.e 

heatim: is prel'.*rahi\ performed in a \ acuunn ;n an almosphcn' ot nitrogen, or m an 
atmosphere ot .n^on to prevent demituration of the m neauic c vi.p ni::d* In particular. 



[0050 1 The healing temperature is preterably an nil "00- C to 000- C depending on ihc 

inorganic compounds to he present on the sartacc ol the iron ponder and. more preferably, the 
temperature is about S00 J (\ The heating tune ean be appropriately chosen in aeeordanee 
with the targeted covering rate i inorganic compound covering rate on the surface ol the iron 
powdci i. and is prelerahK about 5 minutes to about 1 20 minutes. 

1 00^1 j In the method in which the mixture o| the iriMLMin, compound and the uon 

powder is heated, the mixing ratio ol the inorganic eonipounJ to the iron powder ean be 
appropnaleK chosen :n acou'dan^e with the targeted covering rate. although it is usually 
about 1 : 10.000 to about 1 : 10 and, prelerabK. about 1 : 1 .000 to about 1 : 100. 

in j'O052j As described above, the iron powder tor remediation according to the invention 

is effective for dehaloecnat ion of the haloeenated hydrocarbons In particular, it effectively 
dehalo^enates hahyecnatcd hydrocarbons in which a halogen atom, for example, a chlorine 
atom. ;s substituted for a hydrogen atom oj a hydrocarbon (especially aliphatic hydrocarbon). 
|005. ; ; Specific examples ot the h.aio^enated hydrocarbons, which can be e I tec: tvely 

; N dchal - ^etiated ac v ordim: to live :nv era*:- m. include, !■ u example, methv ! ch.onde. 

dichloromethane. chloroform, carbon tetrachloride. 1.1 -dichloroethane. methyl chlorolorm, 
1.1.1 mJiioroethane. 1 .1 .2-tnchlorocthanc. 1.1.1 .2-tctrachioroethane. 1 .1 .2.2- 
tet hi or- >ethane. 1.1 die hioroelhv :enc. is i .2 dichioroethv icne. trans j .2 die iiiorocthv iene. 
I r « \. i • I o i o c t i i v 1 e n e . H T > . I e 1 1 a c i 's 1 o i • 1 e t i i v i e n e P( \ • i. 1.2 die hi' mpn - pane. 1 . ; di^ hl<u .'piopcuc, 

> metliv ; bromide. 2 bt om 'propane. I. ; d;bn Mnopropauc. !.♦ dthr- Mnonataiie. and a'. K 1 
br Muide 

[0!>54| Next, a method tor icmcdiatme media such as a: least one ot ^nl. water, and 

L'as jCv Ud:!!.; to the invention wil; now he described WTon ictcirme to "media" am: 'or 
'*s these tcm.s ate mtcn led !• * appK m i a 1 1 \ 1 * u clu le exv a*, a'cd •• •! u:.ex v a \ ated 
u . ..:.iv .{ a . 'e!:ne:x m : em \ a 1 -l.nice ■■ • i j ai: \ u'.a: e ••• . w ale: v. , ; \ ,e.u ,ae - - -n ^ede.men: > and 



the like, 

[0055] In (he invention, the af orementioned iron powder tor remediation used to 

perform dehalo^enation is eontaeted with halo^enated hydrocarbons contained in the 
contaminated media, soil, water i ^roundw atcr, etc.). pco and die like. The method tor the 
contact is not specifically limited, and may be chosen tr mi c. »n\ entionally su^ested methods 
a^c mime to the cue um^tance^ 

[ 005H For example, it is efficient to choose a location where the concentration ol the 

halo^enaled hydrocarbon is hmh. Specific examples <l the al- uvmentn >ned methods include 
the tolioviirii: methods (a) to ie). 
m ia) a method ;n winch the iron powder tor remediation according to the invention 

is set in the groundwater \em polluted with halo^enated hydrocarbons, 

ib) a method in which the groundwater polluted with haloe.cnated hydn >carbons is 
pumped up and contacted with the iron powder tor remediation according to the invention. 

'• c i a method m which the iron powder t<>r turned : at mri ace mlum to tl;c invention 
: v iv added into the sod po'imcd with ha'.OL'enated h\ dm, eulvu 

ui) a method in which the soil polluted with hafvenated hydrocarbons is 
excavated, and thereafter, the excavated soil and the iron, powder for remediation according to 
!h" u o ■*• ! ' m' ire u " xcd a d 

e .i a melh. od m which the pr vim ed h\ vucten In mi. at '.east . »ne oi the ^vj ami 
the en \indw aler polluted w;th turn \e en at cd i:\dr- varr- ms o v om acted w ;ti. the mm p »wdes ! m 
rem.ed'.al ; m k.\ mlmm l< 1 the :n * em;- »n 

1 005'"] In the method lor lemediaim.i; at least me ot the med*a. s,.;l. water, and mis 

L»ccof d*. n j to ib.e m\ ent: - m . the ero m m merit . m w hich me : . m p »w dei la rem e.i: at : m 
a v\ • m ime ! » the mo en! : m > applied. ; - n >t -pec: i\ a!:\ 'm.te 1. e; eh v-.hen ihc me ie; * m 
> mmcdeited, me v.alc; . meat >t f: e media ^ m > prcie; m v m n;t ^ r \ m.i — •: i; ac 
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I 'he media. v>:i aimospheie ma\ he aerobic l?r ; . I:; . LT aoic. !'ti- pM of the media.'- il! o 
preferably within 1 to 10. When y round v. alcr o remediated, the . o;:^:,' r at ion of di v. ed 

o.yeen in. the yroundwatcr is not sp LV i 1 ic ad y limited and. therefore, the indention be 
applied over a w ale ranye. 

1 i'adoyenated hxdrocarboio conudned ir. the niaiui. soii. water, and ^; t s 
underyo a dchaioyenat ion reaction by contact v. iih the iron powder for ten icdiat a mi accordiue 
h> lhc indention, and arc ilaom|v . - cd ;nP» harndc^ compounds containing no haioecn 
elements and hydroyen haiides. For example. it! receives an electron ; be reduced ) from 
the surface of the iron powder, and forms an unstable intermediate, lor example, 
chloroacctylene. by ^-elimination. i-iirthermore. the resulting intermediate is decomposed 
into compounds not containing chlorine, for example, acetylene. Sometimes, further 
reactions occur, although at all events, the debauoycn.at a >n reaction pjoceeds by the reception 
of the electron (be reduced) from the surface of the iron powder and. a> a result, 
decomposition, mio harmless compounds pioceeds. 
( I \;i m pies) 

I (K) - >g i The invention will be described beiow ia:n^ blxamplcs. ulihouyh the invention 

is not limited to those. 
1 r xampics i to -4 i 

oi ) Preparation of iron |mv. der foi dchai-y cuai a -i 
o»0f«(); An a. at-im/ed 



w at e r at . an. i /at ion. pn v\ 
lo dioycii ot : r tor 



a o 



p nx.ler was p; 
Subsequent ;y. f, 
and th 



v' Cvl iron: a moaci- stee! ai i (' bv a 

J -'dnc!io; ; \\ as pel f- a mcd in a >;ieam oi' 
iti a: and adjustment of p^riicie diameter 
'—^i n.;s si t; ,-, v en- examined w a. 



i v aer 



C : OOP; by mass 

Si: 0.05' < by ma^ 

Mn: 0.1 5 f 7 by mass 

P : ().0: ( ; by mass 

t) : O.OTi bv mass 
[ iv ! ; \ I ; \ [>■. > v\ l 1 c i a'Alrii rc^.stiv :t_\ p 2 i ' \ 10 12 mi mixed into the 

resulting i i \ >n powder, and the result:. ig mixture was heated to S50- C in mtro^cn gas and. 
therefore. TiN v. us introduced onto the surlace oi the mm powder. Subsequently . the l iN 
mm oowder was pulverized apiiii. aiul the distribution ot the particle diameter was adjusted 
in by Meve classification such ihat hit'"* by mass of the mm powder passed through sieve 

openings of 75 mn. Ilie mixing ratio ot TiN relative to the iron powder and the heating time 
after mixing were variously changed to set the TiN covering rate of the iron powder I m 
remediation at 5 f 7 . ! O'V . ; 0'~? . and fn) r i b\' area. t he TiN covering rate of the surtace d the 
iron powder w as determined b\ SIM observation 
l- i I )eMracuoi{ test of haiogenated hydnvarbon ;n the - m 

[0002] Sandy sod having an average particle diameter o1 Ph pun. which had been 

dried beforehand lor 2 days m an oven at 40- t\ was mixed with the iron powder lor 
deb.itioLienation. wbvb had been prepaied a> dc>cnbed above, to prepare i sample having the 
i md ma^s *| .-0 g 4l i;d an iron p^wdei mixing rate ot 1 ' i b\ iiuh^ Al (ins time, a ^ampie 
;o c mtamir.g no ir^n p-wdei w a^ piepared NimuUaneo;.'^ a- a reteieme simple 

a )0(— 1 h'aeh < t 'hese sample^ w a^ put m a v ial hav me a v . nume oi loo nd 

milliliter), and the via! was sealed bv patting a butvl rubbei stopper with a liner made ot 
lluororesm <m the viai. and further bv laOernne with an aluminum cap 

■ VH.:< I r.c'r.'.or.vthxlene ■'!'( T ; mamitact u:ed b\ K AVI ( i ( d \ 1 V K \ 1 C( ) . 1 II > . 

ma.viU ,:m ie ■ w a^ d: a . ed in d>l:'ded w aKu. .e.d .r. auue m - - ■ u!i u . i a'. ' : a 



concentration oj iroee'L ua^ prepared. 4.> ml. of the resulting aqueous solution was 
added into the vial, in which the aforementioned sample had been encapsulated, using a 
micro-syringe, and the water content of the sample was adjusted to \i) r < by mass. I he 
resulting sample was stored in a thermostatic chamber at 2. ; ~ (\ and alter the test for days. 
50 |ul of pas was taken Irom the head space portion with a gas tight s\rmge. ami the 
concentration ot f r.*hioroethv !cnv u^v analv /ed with a ( i< ' 1 1 1 ) 

[OOfo] I he destruction speed was e\aluated base J on the ratio of the tnchloroethylene 

concentration ol the sample containing the iron powder alter the test lor da\stothc 
tnchloroethylene concentration ol'the reference sample alter the test lor . ; days. The 

10 evaluation results are shown in Table 1 . 

(in) Destruction test ot halogenatcd hvdrocarbon m the ground water 
[OOuh] CatX), tmanufactured by KAM ( ) CTH.M 1( A! CO.. LTD.; reagent grade) 

was dissolved in deiom/ed water, and an aqueous solution having a concentration of 0.4 m\l 
was prepared as simulated ground w alei . A glass vial having a volume oj 5() ml was filed to 

I - the point ol o\ e'rllow mg with t'ne simulated g r* »ui id w atei . and there i iter, m a ga -be bo\. 
nitrogen was blown into the vial to completely degass u. Subsequently. 5 g of the iron 
powder for remediation prepared as described above was added thereto, and the vial was 
sealed with no headspace bv putting a batv! rubber Moppci with a liner made of fluor ucmu on 
the vial, and farther bv lasicr.mj w;iii an aluminum cap At tins time, a sample containing 
no iron powders was prepared sur.ulnmcousiv a- a rete:c\^e * ample :n a u.annei sin.ilui to 
t ii at in i i i j IT.e I - 'la; amount .q the liquid :n ea. h ol the \ :al had beer; measured beforehand 
1 < )( )f s ; j [ richiorocthv lene si and aid stock solution tor analv / me water quahtv i 1 

mgurd methanol; manufactured bv K -WTO ( d 11 M 1( ' M ( '( > . 11 D i w^ a ide ! ■ the 
atorementi nied \:a; w :;h a nmm -\;;ngc ;r a p: 'pel am \m; and. ;bauc!-ue. the 

v! i:v lene . 'm en! :al : a w o a i: a o ed al " . ! ! :.e :e a ^aa.p'c v. lP o t .^.en 



with a rotary shaker al N) rpm lor ; days m a ilicriii. .static Jiambcr at 2 ; ' (\ 
[0()()S] Separately, in!, ot . ; ()() d\. sodium chloride aqueous volutin pioduccd 

lmiil; deiom/ed water was prepared in a vial tor (i(\'MS analysis having a volume of 25 ml.. 
[OOrVJ 1 By a micro s\ rm^c. 200 jjh of the alorementioned sample shaken tor ; 

* days was taken and added to the aforementioned s.ulmm chloride aqueous solution im the \ia! 
haune a volume ol 2s ml i and. therefore . the total am ».mi o] the liquid was adjusted al 10 
ml.. 1'hen. the \ial was sealed immediately by septan; with, a liner made of HuororeMn. 
The tnehloroethvlcnc eoneentration of the rcsultme sample was analyzed h\ a Headspaee 
(jC'MS in conformity with J IS K 01 2^ Testing: met'nods (,>r \o!atile organic eompounds in 
10 industrial water and waste water The destruction speed ol tnchloroethy lene was evaluated 
based on the ratio nl the tnehloroethylene eoneentration of the sample containing the iron 
powder to the tnehloroethylene eoneentration ol the reference sample m a manner similar to 
that ;n mi). The results oi the destruction tests and measurements are shown in Table 1 
0 ; . \amplcs > n . S i 

! ^ j00""0] An i r - -ii pov\ der t m remediation was prepared ;n a nmmiei s;n;:!ar to th.we m 

I xamples 1 t>> : uMi.e a 1 :( ) p>n\ der (electric resi\ti\it\ p: ; \ 10' il m ) instead of the TiN 
powder, and the destruction test of the haloLvnated h\ dro-cai bons m the s. m! and ihedest rue t nan 
icst of tneh loro'Mho lene in the groundwater were c timed -v.! I'he recalls are Mvwr. ;n laNe 
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Ratio ot I C. 1-1 concentration of sample to TCb concentration ot' reference Simple ail 
test lor 2 days 

Mleetrie resistivity TiN 2.i "\ 10 £> m 

l it) 2 \ 10 " £> m 

'1 iC). i .2 x 10 : <ln\ 



; b \ am pies 0 I o 12 ) 

\ 00'"" 1 1 An iron ; ow Oer lor ivmcJoal: i! : 'oo prepare*! ::: a manner om: lar to (jos- 

bxampics 1 lo 4 b\ iKiim a V O pw\dcr , elect r.c ioisa ity p: 1 \ 10 " O p., ; ii.o^v.al ot t 
TiN powder, and the dc Mraction test o* me haioccratcd h\ drocarbon> ir. the ^oii and the 
tie k -t rnct t e st v >t i riebio: . vih\ lei :e ir. the >: i oai :d w aier w ore l an icd oat . 'Toe r- ^alt - ar 



-row n m 1 an. 



j 1 able 2 j 
Sample 
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10 
i i 



In »n powder tor lichalnizenatiiMi 



Panicle diameter 
( amount ot powder passed 
through "5 uiii mcvc) 
i r r by ina^l 
bv ma^ or more 
M)' / b\ ma^ or nn >re 
f>() r r by ma^ or more 
()() r ( bv mass or more 



Inorganic compound 
covering rate ' 
■ ' b\ area ) 

V ( J * 
\ ( ) Hi 

V ( ). }t) 

V ( ). hO 



Halogen at ed 
hydrocarbon 
destruction test 



Soil 



0.10 
0.12 
o so 



( iround- 
water 



0 "0 

0.13 
OSS 



Ratio of TCI: concentration ot' sample f o TCI: Miccntration ot reference sample alter 
test tor ; days 

Ivcctnc resistnitv V (). I x 10* il m 



iCoinparali\ e example 1 ) 

[00721 An as atonri/ed powder" wa^ produccil from a moiien steel at I '00 C by a 

water atomi/ation process. Subsequent!) . finish reduction was performed in a stream o( 
h\dnveen at °00 C tor 1 boat, and then. pu!\ en/ation and adrustment ol particle diameter 
were performed The components ;r. me iron powder at th's Mace were examined with llie 
result that the contents ot the primarx components other than iron contained m the iron 
powder were as described below 
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